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Introduction 
Recently, studies about PCDD/Fs have been widely conducted in Korea. However, most of these 
studies are about incinerators and analysis methods. [1,2] Therefore, there is a considerable lack of 
data on the levels of PCDD/Fs in the atmospheric environment. PCDD/Fs produced from various 
sources are emitted into the atmosphere and then transported great distances before being 
deposited to other environmental compartments. A key process determining the environmetal fate 
of PCDD/Fs in the atmosphere is their partitioning between particles and gas phase.[3,4] Also, the 
only pathway to the sinks from combustion sources is through the atmosphere, and so it is very 
important to verify PCDD/Fs levels in air. 
In this paper, measurements of the gas/particle partkioning of PCDD/Fs are presented. PCDD/Fs 
congener profiles in ambient air and that of sources are compared by PCA analysis. 

Experiments 
Sampling Sites ; Air samples are taken seasonally from August 1999 to Spring 2000 at three 
locations in Korea. Their specific locations are as follows, (a) site A ; incineration area within 300 
m distance of municipal solid waste incinerator, (b) site B ; industrial area of steel industry, (c) 
site C ; industtial area ofchemical and oil refinary industties. 
Sample Collection ; Ambient air samples were collected using a high volume air sampler. A glass 
fiber filter and polyurethane foam plugs were used to collect airborne particles as well as vapor-
phase PCDD/Fs. Before sampling, the filter was baked at 450°C for 12 hours and PUF was pre
cleaned with methylene chloride in soxhlet. Sampling times and air volumes were not much 
different; 24 hr, 1000-1300m^ 
Sample preparation ; Sample preparation was done according to the US EPA method 1613. The 
glass filter and PUF samples were ttansferred to the glass thimble ofthe Soxhlet, separately, and 
spiked with a mixture of '^Ci2-labelled PCDD/Fs internal standards (1 ng) and extracted for 16 h 
with toluene. The extracted samples were washed with H2SO4 until colorless and then with 
hexane rinsed water to make neutralized. Sample cleanup was done in two stages; (a) silica gel 
column (with layers of basic, neutral, acidic and neutral silica); (b) activated acidic alumina 
column capped with anhydrous Na2S04, and concenfrated with N2 gas. 
PCDD/Fs were analyzed by high-resolution gas chromatography / high-resolution mass 
spectrometry (Hewlett-Packard Model 6890 serious _/ JMS 700T) wirh a DB-5MS column. The 
MS was operated at 10,000 resolution under positive El conditions (38 eV elecfron energy), and 
data were obtained in the single ion monitoring (SIR) mode. 
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Results and Discussion 
PCDD/Fs levels in ambient air ; The PCDD/Fs air concentrations measured in this study ranged 
from 71 fg-TEQ/Nm^ to 1161 fg-TEQ/Nm' and summarized in Table 1. The PCDD/Fs levels of 
air near incinerator is higher than those of industrial area. Many factors have an influenced 
PCDD/Fs levels near incinrator area. This sampling site is surrounded by many small factories, 
including a small incinerator which bums indusfrial wastes. It was reported that the concentration 
of PCDD/Fs from small incinerators in Korea much higher than that from MSWIs, [1] 

Table 1. PCDD/Fs measurment results in ambient air 
Site 

Incinerator area A 
Industrial area B 
Indusfrial area C 

Summer 
0.672 
NA 
NA 

Fall 
0.871 
0.130 
0.113 

Winter 
1.161 
0.071 
0.171 

Relationships between sources and PCDD/Fs in air ;The MSWI of site A has been monitored for 
last two years.[l] The PCDD/Fs homologue pattems in stack gas sample and are presented in 
Figure I. The pattems of samples are similar each other with domination by tefra, penta, hexa
chlorinated doxins and fiirans. These results indicat that PCDD/Fs emitted from incinerator may 
influence on the ambient air and as observed in the PCA analysis. 
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Figure 1. PCDD/Fs homologue patterns in stack gas 
and air samples in site A 
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Figure 2, PCA analysis of stack gas 
and air samples 
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Gas/Particle partitioning of PCDD/Fs ; The measured PCDD/Fs data (particle bound and 
gaseous) are summarized in Table 2. As shown in Figure 3, a peculiar pattern of PCDD/Fs 
homologue is observed in each phase. Higher chlorinated PCDD/Fs in particle phase and lower 
chlorchlorinated PCDD/Fs in gas phase are dominant. These results are in accord with previous 
studies. [3,4,5] Log [(vapour)/(particle/rSP)] is related to 1/T and a good correlation (r=0.9704) 
is obtained but we could not find any significant relationships with other air conditions. 

Figure 3. PCDD/Fs homologue pattems in two phases Figure 4. Plot of log{V/(F/TSP)} vs 1/T 

0.0033 00034 0.0035 0.0036 00037 0.0C38 
1/T 
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Table 2. Concentration of PCDD/Fs isomers in air (pg/Nm^) 

_ 2 3 7 . 8 : T a X ) _ 

_ l237J.-eCD0_ 

_12347.8-H)CCD_ 

12367B=H)Cn3 

_123789:H)Cn3_ 

Ll2a467.8):lpCr0. 

_ _ (XU)_ . 

1 2328:TCDF 

^1237B.ftCDF... 

23478flBCDF _ 

; . 123478TH!CCF_ 

123675-H£DF 

^3.4678:H)CEF_ 

U.T789-H)CDF 

i_12.1467aHpC0(L 

L_1234789,**aiF.. 

OCUF .__ 

1 TCDO 

B p r m 

1 HKCCO 

^̂ p(m _ 
nrm 

1 TCDF 

. ftCDF_-_ 

. _ . HiiCDF_ . -

1 HpCDF 

fYIlF 

AimmptF 

0.004 

0.033 

. _ -0.086._ 

n i « i 

D.DSS 

1.089 

_ _ 1 . 7 3 1 _ _ 

O i n ? 

0 1 1 9 

0.1SS 

_ _ . 0 . 4 . 4 7 _ . . 

037(5 

O.lf i f i 

0.815 

p.i.i.g 

0 . 6 1 4 _ . 

2.91.5 

.•?171 

?.3n i 

0.7)2 

0 0 9 8 , 

fiSfl? 

5.803 

. _ .2.819.. 

0.38? 

0.058 

RimrmprP 

0.018 

0.070 

. ,_0 .017 . . 

0.039 

0.012 

0.047 

.-_ O.044_. 

0.449. 

0363. 

0227 

- _ . 0 2 3 1 . 

npn? 

0.020 

0.125 

0.184 

0.031 

-., . 0.0.58... 

0 .U2 

0529 

2.122 

2281 

1731 

n.379 

_1J«.8.1, 

_ 4 B . 3 3 . 

5A4 .7 . _ 

?a i5 

0.028 i 0.009_^ 

0.1.3.3_i-_0.009_ 

_ 0 . 1 8 1 . _0.002. 

O i l 1 ODDS. 

_ 0 2 5 2 _ „ 0 , 0 0 2 _ 

_1J.53__0.00.4_ 

3.542 0 , 0 a . 

1403 i oRan 

-.0.4754—0.079^ 

1..6.45 0.089 

_J.06B_ 

0.828_ 

0.082 

. _0.027_ 

_ D A 1 5 -

0.000 

121j( i 0,007 

4.950 ' n.0J3_ 

.QB27 ^ O.QQ.l_ 

,. 5,007 • 0,00,4 

2.739 

4.1.79_ 

_ 5 5 0 J _ 

_ .3 i i 72_ 

_ 3 J 4 2 _ 

8479 

0.027 

_ 0 . 1 . 8 6 _ 

_ _ 0 . 1 1 1 _ 

0J .97_ 

_ 0 . 1 2 7 _ . 

^t.1.5B_ 

._ 2.825 _ 

_ 0 . 3 2 3 _ 

_ Q 2 9 3 _ 

^1,.136_ 

._0593._ 

0.603 

_ 0 . 7 5 8 _ 

0226 . 

?D42 

_ _ 0 2 8 0 _ 

_ - . 1 J J 6 _ 

22S2J 2.109 

_0 .473_ 

_0.08,5_ 

_0 .009 . 

-_Q.Oi t_ 

7.181,_ 

_1.L8.44.;_t.7.38_ 

_ _ 9 i i 7 5 ^ _ 0 2 3 1 . 

8.306 ' 0.02a 

snn7 1)0114 

_ 3 . 2 6 3 _ 

_ 2 5 9 . 0 _ 

_.2.189__ 

2J25 

_ 5 S 6 6 . _ 

__7..956_ 

__6254 

_ 3 . 3 i 4 _ 

171fi 

0,003_ 

0.001_ 

.0/)0D_ 

_ 0 J 1 0 1 _ 

0.00.1_ 

_OD.04_ 

_ . 0.027_ 

0i l40_ 

__0.030_ 

_0 .02 .4_ 

,0X)23_. 

0.006_ 

„ 0 D 0 . 4 _ 

-_0.q06_ 

nD09 

_ . 0 f l 0 . 1 _ 

. .0.00.3... 

0.)5.1_ 

_ 0 . 0 6 5 _ 

_0.0.1.6_ 

_ 0 . 0 0 9 _ 

0.027_ 

n£33 

0.129_ 

._.0.053 . 

0fl.t6_ 

0003 

0.001 i 0.004 

0.009 0.008 

- ..0,0I8_ 

_ 0 J 1 3 5 _ 

_ 0 . 0 2 8 _ 

0587 

_ 1,093 _ 

O,069_ 

_ 0 . 0 5 . 1 _ 

_ Q . r 3 0 _ 

_0.123_ 

_ 0 . U 6 _ 

0.020 

__0.003_ 

. 0.005_ 

0.002_. 

0.012_ 

__ 0.032 

0.363 

0.1.7a_. 

_0 .09 .4_ 

. . 0.05J_ 

0.025-J 

0.002 

0131 • 0.010 

_ 0 . 6 1 . 0 _ 

0130 

_ 0 . 5 4 . 4 _ 

HOB) 

_ D i l 2 a _ 

_ 0 J ) 5 3 _ 

_.0Ji7.3_ 

1 0,93 

0461 

_ 0 . 0 2 2 _ 

nA02 

0.005 

_ 0 , 6 5 2 _ . 

_ 0 . 2 1 . 4 _ 

a070_, 

_ 0 . 0 2 6 _ 

_0 .0 .32_ 

2.419 

, Qjj3.i_^ laoo . . 

_ 1 1 9 8 _ 

11194 

0,544 

._.0287_ 

_ 0 i ) . 1 6 ^ 

nnn"! 

0.002 

1 0.005 

. f)O03_ 

0.006_ 

0.004 

0.049 

0.11.4_. 

1 0.079 

0.0.4.1 

.0.056 

0.0.40_. 

0D30 

0.040 

0.0.14 

.-0.1.09 

. ,_0 .Q18_ 

. ._01.44_ 

0.058 

0.120 

0.103 

_ 0.095_ 

DJJ .4_ 

0.369 

0.3.89__ 

_ _ 0 2 9 4 . 

019fl 

(1144 

0001 

0O01 

. _C.00.1., 

(IOOO 

0.000 

0.O01 

_ 0.012_ 

n n i 7 

0.O09 

OOI 5 

. J.01.1. _ 

nnn4 

0O02 

0.O03 

n,no4 

OJDfl. l_ 

O.0.02_, 

n n ? 5 

0X)35 

0.003 

.0.00? 

0 0 1 ? 

0.120 

0.O5B 

_ 0.029 __ 

flOOfl 

0 002 

O.0D2 0.001 ; 0 003 

0.005 0.001 1 0.020 

_ 0 . 0 0 3 

_ Q . 0 0 6 _ 

_-O.0O.4_ 

0.0)9 

_Q.001. ; 0.015._ 

u_0.000 '• 0.019 

^ 0,000 0.017-^ 

0.001 i 0.141 

_0.11_4_, .0 .012 

__0.079_4._D.017_ 

0.0».1. _.0.009 

0.348_ 

_ 0JI7.0 

0.066 

0.066_i 0.015 0 J 4 0 

. ._0.0)0_; . _0 .011 . , 0 . 1 3 9 _ 

O.OBO 1 0.004 0.111 

oo in ! ono2 n IBO 

0.014 ! 0.003 0.057 

n 109 1 n 004 n sns 

_ 0 . 0 i . a _ 

__0J4A 

0.068 

_-0 .120_ 

0..103 

_-0.(B5_ 

OJ.U 

_J).369_^ 

_Q.OQV-

_.0.002_ 

_.D.025_ 

. 0.035 

n.093 

0 .861_ 

0J.47 

0 3.58 

0.003 i 0.378 

. 0.002^ 

-0 .012_ 

L.0.120_ 

. .0.287__ 

0.148 

nfiR? 

0J)B9_i .0.058 _J.051 

_ 0.294 i - 0 . 0 2 9 _ . 1.154_ 

0 190 i OnOfl 0 914 

n 144 nnn? ORfil 

wh».rJ> 

0002 

_ 0 . 0 0 . 1 _ 

0.000 

0000_J 

^ O J O O O _ 

0,0.01 

. -0.013 : 

0030 

0.020_ 

__0,0J,8_ 

0.018 

o m i -

0.002_ 

^[).003_ 

0.00.4_ 

0 J 0 Q 2 _ 

. 0 .003_ 

__o.a4_ 

Q.Q6J6_ 

, 0.004_ 

.._0.002._ 

0 A 1 i _ 

0.447 

0.132 

._. 0D38 

_ _ 0 J ) . t l _ 

nnn3 

ON 

m 

1/3 o z 
o 
O N 

o u 
z 
u o o 
< 
X 
o 
5$ 
o > 

http://_1J.53__0.00.4_
http://_0.21.4_
http://__0.079_4._D.017_

